ABSTRACT A 42-d feeding experiment with growing Ross × Ross 508 broilers showed that the nutritional value of insect-protected and herbicide-tolerant corn was comparable to that of the genetically similar control and 5 commercial reference corn hybrids. MON 88017 provides protection from feeding damage by coleopteran pest corn rootworm and is tolerant to the action of glyphosate, the active ingredient in the Roundup family of agricultural herbicides. MON 88017 × MON 810 was developed by the traditional breeding of MON 88017 with MON 810, which provides protection from the European corn borer and other lepidopteran pests. A randomized complete block design was used with 8 dietary treatments in each of 5 replicated blocks of pens. No differences among diets were observed (P > 0.05) in performance (final live
INTRODUCTION
Traits such as insect protection and herbicide tolerance have been introduced into corn to provide growers with effective and environmentally sound methods to control weeds and certain insect pests. MON 88017 expresses a variant of the wild-type Cry3Bb1 protein from Bacillus thuringienisis that protects against feeding damage caused by corn rootworm larvae (CRW; Diabrotica sp.). MON 88107 also expresses a 5-enolpyruvylshikimate-3-phosphate synthase protein from Agrobacterium sp. strain CP4 (CP4 EPSPS), which confers tolerance to the Roundup family of agricultural herbicides. MON 88017 × MON 810 was developed by conventional breed-2005 Poultry Science Association, Inc. Received for publication July 23, 2004 . Accepted for publication December 16, 2004. 1 This paper was originally published in the April 2005 issue of Poultry Science 84:587-593. The paper is being republished in full due to statistical errors in the original publication. 2 To whom correspondence should be addressed: Mary.L.Taylor@ monsanto.com.
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weights, feed intake, feed conversion, and adjusted feed conversion), carcass yield (chill, fat pad, breast, thigh, wing, and drum weight), or percentage of moisture, protein, and fat in breast meat and moisture and fat in thigh meat. Thigh protein was similar (P > 0.05) in broilers fed diets containing MON 88017 × MON 810 and conventional control or all commercial reference corns; however, differences (P < 0.05) were noted for the percentage of thigh protein among broilers fed the control and 2 of the 5 reference diets, attributable to biological variability among the conventional corn hybrids. Broilers overall performed consistently and had similar carcass yield and meat composition when fed diets containing MON 88017 or MON 88017 × MON 810 as compared with those fed the conventional control and commercial diets, supporting a conclusion of nutritional equivalence.
ing of MON 88017 with MON 810 that expresses the Cry1Ab protein from Bacillus thuringienisis subsp. kurstaki strain HD-1 (Sanders et al., 1998) , conferring insect protection from the European corn borer (Ostrinia numbilalis) and other lepidopteran pests.
The rapidly growing broiler chicken is a useful animal model to compare the wholesomeness of genetically enhanced corn with conventional corn because of its sensitivity to changes in nutrient quality and its exposure to relatively high levels of the test material (corn) in the diet. This experiment was conducted to compare the nutritional value of MON 88017 or MON 88017 × MON 810 with control and commercial corn by measuring performance, carcass yield, and meat quality parameters in broilers.
MATERIALS AND METHODS

Broilers and Housing
This experiment was conducted in accordance with the principles and guidelines for the care and use of agricultural animals in research (Federation of Animal Science Societies, 1999) and, as applicable, was in compliance with FDA (1979) and EPA (1983) rules. Broiler chickens of a high yielding commercial strain (Ross × Ross 508) were obtained 2 at 1 d of age. Broilers were vaccinated for Marek's disease at the hatchery and for Newcastle disease and infectious bronchitis at the test site on the first study day. The broilers were randomly assigned by gender to pens with concrete floors (1.5 × 0.9 m, providing approximately 0.09 m 2 per bird) with 10 to 13 cm of clean wood shavings in a building with environmentally controlled incandescent lighting and temperature. Incandescent lighting was provided 23 to 24 h per day for approximately the first 5 d of the experiment and for 10 to 16 h for the remainder of the experiment. The target room temperature was 34°C at the start of the experiment, which was gradually decreased each day to a target room temperature of 23°C from d 30 through the remainder of the experiment. Water and feed were available ad libitum throughout the experiment. Within each pen, water was provided via a hanging automatic bell drinker (36 cm diameter), and feed was provided via a hanging tube feeder (43 cm diameter). A chick feeder tray was also placed in each pen for the first 6 d. Environmental conditions (floor space, temperature, lighting, bird density, and feeder and water space) were similar for all treatments. 
Experimental Design
A randomized complete block design was used with eight dietary treatments (MON 88017, MON 88017 × MON 810, conventional control, and five commercial diets). For each of the 8 treatment groups, there were 120 broilers placed in pens (total of 960 broilers): 5 pens of males (12 broilers/pen) and 5 pens of females (12 broilers/pen). Initially, there were an additional 2 broilers in each pen to compensate for early chick mortality during the first few days post hatch. At d 8, the group size was adjusted to 10 broilers/pen, in an effort to increase the sensitivity of the growth-based experiment. The initial criterion for removal of additional birds was slow growth, followed by random selection, which was the reason for the removal of the majority of birds. and pesticide residue 4 analyses of the corn grain were conducted prior to initiation of the experiment to verify that the levels were below the limits of concern for broiler performance. Proximate and amino acid analyses 3 were performed on the grain according to methods of the Association of Official Analytical Chemists (2000) . Carbohydrate values were calculated by difference using the fresh weight-derived data (% carbohydrates = 100% − (% protein + % fat + % moisture + % ash).
Corn Grain
Diets
Diets were formulated based on the individual nutrient analyses (Table 1 ) from each test, control, and commercial corn lot. Dietary protein was provided by the corn grain supplemented with commercial dehulled soybean meal. Synthetic methionine and lysine were added to the diets as needed to conform to industry standards. A coccidiostat, salinomycin (Sacox) 5 , was mixed into diets at a level of 60 g/ton. Diets were formulated such that the critical amino acid levels met or exceeded National Research Council (NRC, 1994) for poultry. Broilers were fed a starter diet containing approximately 55% wt/wt corn grain from d 1 through 20. For the remainder of the experiment (d 21 to 42), broilers were fed a grower/finisher diet containing approximately 60% wt/wt corn grain ( Table 2) . Analyses of poultry diets 6 were conducted for confirmation of formulated levels of nutrient composition. Calcium and phosphorus were analyzed using inductively coupled plasma (ICP) radial spectrometry.
Measurements
Broiler flocks were examined twice daily for general health. All dead birds and those euthanized due to unhealthy condition were weighed and necropsied. The probable cause of death or reason for removal was documented. Broilers were weighed at d 0 and 42 by pen and individually at experiment termination (d 43 for males and d 44 for females). Average BW per pen and BW per bird values within each treatment group were calculated for each gender. The average feed conversion per pen was calculated for the entire duration of the experiment by dividing the total feed consumption during the experiment by the total BW of the surviving broilers in the pen. This was averaged for each treatment group by gender. Adjusted feed conversion was calculated by dividing the total feed consumption per pen by the total BW of the surviving broilers and those that died or were removed from the pen. At the end of the experiment, carcass measurements for all broilers were taken, and fat pads were collected and weighed. The first male or female broiler processed from each pen was selected for breast and thigh tissue collection. Moisture, protein, and fat analyses were conducted on breast and thigh meat samples.
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Statistical Analysis
Statistical analyses were performed on starting and final live weights, feed consumption, feed conversion, adjusted feed conversion, carcass chill weight, percentage chill weight (chill weight/live weight), breast weight, percentage breast weight (breast weight/chill weight), wing weight, percentage wing weight (wing weight/chill weight), thigh weight, percentage thigh weight (thigh weight/chill weight), drum weight, percentage drum weight (drum weight/chill weight), fat pad weight, percentage fat pad (fat pad/live weight), as well as moisture, protein, and fat values for breast and thigh meat. All percentage values were calculated by dividing the response variable by chill or live weight as appropriate. Statistical analysis (ANOVA) was carried out using a linear mixed model procedure of SAS software (SAS Institute Inc., 2000).
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The statistical model included effects of treatments, gender, block, and gender-by-treatment interactions, with the experimental unit being the pen. The mean values obtained for the broilers fed MON 88017 or MON 88017 × MON 810 diets were compared (combined gender) with those fed the conventional control and commercial diets at the 5% level of significance using a protected Fisher's least significant difference test (Fisher, 1949) . When a significant diet by gender interaction was noted (P < 0.15), the mean values were also evaluated by gender at the 5% level of significance. An additional statistical analysis compared data from broilers fed the MON 88017 or MON 88017 × MON 810 diets to the population of responses from broilers fed the control and commercial corn diets to determine whether the values of the test corn were within the population of the control and reference corn.
RESULTS
General Observations
Mycotoxin and pesticide levels in corn grain mixed into the diets were below the limits of concern for broiler performance. Alflatoxins were not detectable, and levels of fumonisins in the grain ranged from not detectable to 10 ppm. All pesticide values were below the assay limits of detection: organophosphates, 0.050 ppm; organonitrogens, 0.500 ppm; organochlorinates, 0.200 ppm; and N-methylcarbamates, 0.100 ppm. Diets were formulated to meet or exceed NRC (1994) recommendations based on the individual nutrient analyses of the grain. The nutrient assay results are presented in Table 3 .
A total of 9 broilers (0.9% of total) died during the first 7 d. Mortality from d 8 to d 42 averaged 3.5% and was distributed randomly across treatments (Table 4) . Mortality during the first 7 d was related to bacterial infection, dehydration, refusal of feed, or ascites, and the causes of death between d 8 and 42 were primarily attributed to sudden death and ascites, which commonly occur in broilers. Remaining broilers in all treatments were in good health.
MON 88017
Performance Parameters. No differences were noted for performance parameters measured in broilers fed diets containing MON 88107 compared with those fed the conventional control and commercial corn (Table  5) . Mean final weights of the broilers were similar to those from previously reported studies (Taylor et al., 2003a,b) , and the mean pen weights of the broilers were comparable between treatments. There were no differences between treatments for live weight at d 0, live weight at d 42, total feed intake, and feed conversion. Broiler diets containing MON 88017 had adjusted feed conversion (kg/kg) similar to that of the broilers fed the nontransgenic control and all but one of the commercial reference diets, Asgrow RX708.
Carcass Measurements. No differences were noted in pair-wise comparisons for carcass yield measurements of chill weight, fat pad, breast, thigh, drum, and wing weights across treatments (Table 5 ). There was only one instance, thigh weight (kg), for which a (P < 0.08) diet-by-gender interaction was observed (data not shown). When individual gender comparisons were made for this parameter, no differences (P > 0.05) were observed in the females. Male broilers fed diets containing MON 88017 had thigh weights similar (P > 0.05) to those of males fed diets containing the conventional control and commercial references Asgrow RX708, Pioneer 34B23 and Burrus 789, but different (P < 0.05) thigh weights than birds fed the commercial references Burrus 569 and Burrus 582. However, this result is not likely to be of biological significance as pair-wise comparisons between diets (combined gender) showed no differences in the thigh weights of broilers. No differences were observed in the percentages of moisture, protein, and fat in breast meat or thigh meat across treatment diets (Table 5) .
Population Statistical Analysis. Comparison of the data from broilers fed MON 88017 to that of the combined population of conventional control and commercial corn showed no differences in performance, meat quality, and carcass yield parameters measured (data not shown).
MON 88017 × MON 810
Performance Parameters. All performance parameters of broilers fed diets containing MON 88017 × MON 810 were similar to those fed the conventional control and commercial corn. No differences were observed in live weight at d 0, live weight at d 42, total feed intake, and feed conversion across all treatments (Table 6) . Broilers fed diets containing MON 88017 × MON 810 had adjusted feed conversion (kg/kg) similar to that of broilers fed all other diets; however, differences were noted among broilers fed the control and reference diets.
Carcass Measurements. Pairwise comparisons for carcass measurements of chill weight, fat pad weight, breast meat, thigh, wing, and drum weights were not different across treatments (Table 6) . No significant dietby-gender interactions were noted at the 5% level of significance. No differences were observed in the percentage of moisture, protein, or fat in breast and thigh meat (Table 6) .
Population Statistical Analysis. Comparison of the MON 88017 × MON 810 diet to the population on the other diets showed no differences in performance parameters, carcass yields, and meat quality parameters of thigh moisture, protein, and fat and breast protein and moisture. Statistically significant differences were noted for breast fat in the population comparison (data not shown). However, no differences were observed in the pairwise comparisons between treatment diets for the breast meat measurements. Feed conversion adjusted by dividing the total feed consumption per pen by the total BW of the surviving broilers and those that died or were removed from the pen. Individual treatment means with the same superscript letter in the same row were not statistically different (P > 0.05).
1
Least significant difference between 2 means (P < 0.05).
2
Feed conversion adjusted by dividing the total feed consumption/pen by the total BW of the surviving broilers and those that died or were removed from the pen.
DISCUSSION
The rapidly growing broiler is sensitive to changes in the nutrient quality of diets they consume. Any deficiencies in the major dietary nutrients would be expected to result in reduced growth, feed conversion, and carcass yields. The results of this broiler feeding experiment support the conclusion that there are no practical differences in the parameters evaluated between broilers fed MON 88017 or MON 88017 × MON 810 and the genetically similar control corn. Pair-wise comparisons indicated that broilers generally performed equivalently and had similar carcass yield and meat composition when fed diets containing MON 88017, MON 88017 × MON 810, conventional control, or commercial reference corn. In the few cases in which differences were observed, the values were similar to values reported in the literature (Taylor et al., 2003a,b) . It was concluded that grain from the genetically enhanced corn products evaluated in this study is nutritionally equivalent in broiler diets to grain from the control and commercially available corn references. This conclusion is consistent with the compositional evaluation of genetically enhanced corn expressing the Cry1Ab, CP4 EPSPS, or Cry3Bb1 proteins, which showed that there were no relevant differences in nutritional and compositional properties relative to control and commercial corn (Sanders et al., 1998 , Ridley, et al., 2002 , and George, et al., 2004 . These data confirm and support the conclusion that the grain from MON 88017 alone or in combination with MON 810 corn is as nutritious as traditional corn.
